ABSTRACT Two experiments were conducted to determine the nutritional value and impact of dehulled degermed corn (DDC) in diets of broiler chickens. In the first experiment, 4 experimental diets were fed from 14 to 21 d of age with increasing quantities of DDC replacing corn as the sole source of energy and protein (93.4% of diet). The AME n was determined to be 3,267 and 3,364 kcal/kg for the corn grain and DDC, respectively. Apparent ileal amino acid digestibility was determined with birds at 21 d of age. Digestibility of threonine, lysine,
INTRODUCTION
Approximately 20% of the United States corn crop is processed into cereals and other products for human consumption, of which only 20% is processed through the dry milling industry (Corn Refiners Association, 2004) . Although the primary objective of dry milling is to produce corn oil and flaking grits for human food products, the corn dry milling process produces a number of byproducts that could have nutritional benefits for poultry and swine.
Dehulled and degermed corn (DDC) is a product of the corn dry milling industry that has been investigated for its nutritional attributes in turkey poults (Godwin et al., 2004) and swine (Moeser et al., 2002) . Phytin P is deposited in protein bodies of the aleurone (10%) and scutellum (90%) of corn grain (O'Dell et al., 1972) . Removal of the germ during dry milling, therefore, would remove a large portion of the indigestible portion of phytin P located in the scutellum. Reduction in excreta P content in turkey poults, however, was not noted by Godwin et al. (2004) , despite improvements in tibia breaking strength when birds are fed DDC versus corn grain. To whom correspondence should be addressed: applegt@ purdue.edu. 742 arginine, and tryptophan was significantly less in birds fed the DDC versus a corn diet (P < 0.05). In the subsequent experiment, birds were fed diets from hatch to 42 d of age with corn or DDC as the primary grain source. By 42 d of age, BW and feed consumption between birds fed the corn or DDC diet were similar (P > 0.05). However, birds fed the DDC diet excreted 78.1 g less DM and 1.54 g less P by 42 d of age (P < 0.05). In conclusion, replacement of corn with DDC resulted in similar performance of broilers to 42 d of age with reduced excretion of DM and P.
Despite being low in total fiber (approximately 9.5% neutral detergent fiber), corn can contribute a large proportion of total fiber in the diet (Watson, 1987) . The hull and germ fractions contribute 51 and 16%, respectively, of fiber within the corn kernel, of which 70 and 25% are hemicellulose and cellulose, respectively (Watson, 1987) . Reductions in these fractions can have an impact on nutrient excretion. For example, Moeser et al. (2002) noted a 13% improvement in DM digestibility when growing pigs were fed diets composed primarily of DDC versus corn grain.
Removal of the fibrous and phytin P rich portions from the corn kernel by dry milling makes DDC a compelling feedstuff for broiler chicken diets in light of current environmental regulations. The objectives of the current research, therefore, were to 1) determine the AME n and apparent ileal amino acid digestibility for DDC versus corn grain and 2) quantify the impact of DDC versus corn grain on DM, N, and P excretion in broiler chicken diets. requirements (NRC, 1994) in stainless steel battery cages equipped with nipple waterers.
3 On d 14, birds were individually weighed and sorted into groups. Birds were then assigned to cages such that each cage was reflective of the total population BW, and differences among cages were minimized. Each of the 4 dietary treatments was fed to 8 replicate cages with 6 birds per cage.
All corn used for both experiments was from the same batch, a portion of which was processed (as described by Moeser et al., 2002 ) to obtain DDC. 4 Diets consisted of increasing quantities of DDC in replacement for corn for determination of AME n (Table 1) . Vitamins and minerals were supplied to meet or exceed requirements (NRC, 1994) . Diets were formulated such that each corn product, or portion therein, was the sole source of CP and energy (see Table 2 for analyzed composition). Diets contained Celite 5 as1.5% of the diet as a digestive marker. A partial and representative excreta collection was conducted from 18 to 21 d of age from each pen for determination of AME n . Excreta were frozen and stored at −20°C. 1 AME n of corn and DDC were determined in experiment 1 by regressing determined AME n of diets A through D (see Table 1 for details), where AME n of DDC = 3,267.4 + 0.966 (% of DDC in diet). R 2 = 0.27; P = 0.002.
Meckles diverticulum and 2 cm proximal to the ileocecal junction) was removed, placed on ice, and subsequently frozen (−20°C). Excreta and ileal digesta were lyophilized and ground through a 0.5-mm screen. Due to limited quantities of digesta from birds fed diet D (DDC diet), 2 replicate pens of birds' digesta were pooled for analyses.
Gross energy determinations of feed and excreta samples were performed in a Parr adiabatic bomb calorimeter 6 with benzoic acid as a standard. Nitrogen contents of feed, corn product, and excreta samples were determined using a LECO model FP 2000 N combustion analyzer. Acid-insoluble ash (AIA) in feed, excreta, and ileal digesta samples was determined according to methods described by Scott and Boldaji (1997) . The AME n of the diets was calculated using the index method (AIA as the digestive marker) by adapting the formula of Hill and Anderson (1958) as described by NRC (1994) .
Similarly, apparent ileal amino acid digestibility was determined using the index method (AIA as the digestive marker). Amino acid compositions of diets, corn products, and ileal digesta were determined 8 (AOAC, 1995) . Dietary and corn product fat contents were determined after drying at 100°C for 12 h and refluxed with diethyl ether for 6 h for gravimetric determination of ether extract.
Corn product Ca and total P were determined by inductively coupled plasma-emission spectroscopy.
9 Phytate extraction and HPLC phytate P quantification were performed for each of the corn products as described by Rounds and Nielsen (1993) but as modified by Newkirk and Classen (1998) .
Determination of AME n for corn and DDC were determined using the regression procedures of SAS 10 and extrapolation of the linear regression to 100% of corn grain or DDC. Statistical differences between corn grain and DDC diets (diets A and D) were calculated by analysis of variance using the GLM procedure of SAS. Differences among diet means were determined using a Duncan means comparison when the significance of the model was ≤ 0.05. 
Experiment 2
One-day-old Ross 308 male broiler chicks were weighed and randomly sorted into normalized groups to minimize BW differences among cages and placed in 16 battery cages with 8 birds per cage and 8 replicate cages per diet. Each of the 2 dietary treatments was fed from hatch to 17 d (starter phase), 17 to 31 d (grower phase), and 31 to 42 d (finisher phase). Corn products used in experiment 2 were from the same batch as in experiment 1. The 2 experimental treatments consisted of formulation with corn or DDC as the primary grain source. Dietary formulations, as well as calculated and determined nutrient analyses, are presented in Table 3 . Diets were formulated to similar nutrient specifications and as such contained differing proportions of soy oil, soybean meal, lysine-HCl, monocalcium phosphate, and limestone.
Pen BW and feed consumption were determined at 17, 31, and 42 d of age. Numbers of birds per pen were reduced to 4 at 17 d of age and to 3 at 31 d of age. Birds were randomly selected for continuation to the next growth phase. All excreta were collected throughout the duration of the trial (with careful removal of feed spillage and feathers) and were removed for drying every 3 to 5 d. Excreta were placed in shallow pans and dried in a 55°C forced-draft oven. Excreta DM production from each pen was then determined gravimetrically. A subsample of excreta from each growth phase was then ground through a 0.5-mm screen for subsequent analyses. Nitrogen analyses of feed and excreta samples were conducted as described in experiment 1. Phosphorus analyses of feed and excreta samples were determined colormetrically as described by Sands et al. (2001) .
Statistical analyses consisted of analysis of variance using the GLM procedure of SAS.
RESULTS AND DISCUSSION

Chemical Analyses of DDC and Corn Grain
Primary differences noted in chemical composition between corn grain and DDC included a 10% reduction in CP and a 44% reduction in lysine content (Table 2) . This difference was expected because removal of globulin protein (comprising 77% of germ N) with the germ increased the relative proportion that zein proteins (60% of endosperm N) composed of the total CP in DDC. Notably, zein proteins are considerably low in lysine (Wilson, 1987) . The methionine and TSAA contents, however, were largely unchanged between corn grain and DDC.
Additionally, removal of the germ fraction resulted in a reduction of total P by 0.17 percentage unit, of which 0.15 percentage unit was from removal of phytin P. As noted previously, phytin P is deposited in protein bodies of the aleurone (10%) and scutellum (90%) of corn (O'Dell et al., 1972) . Removal of the germ and, thus, the scutellum resulted in a net removal of 88% of phytin P from corn. Finally, removal of the germ resulted in a 70% reduction in ether extract.
Experiment 1
The AME n of the DDC diet (diet D) was 111 kcal/kg greater than the corn diet (diet A; P ≤ 0.05; Table 1 ). Means represent 4 replicate pools, 2 pens of 6 birds per pen were pooled for analyses (n = 4) ± standard deviation.
Regression of determined AME n for each of the 4 replacement diets (R 2 = 0.27; P = 0.002) resulted in an improvement in AME n of the DDC versus corn grain of 97 kcal/ kg ( Table 2 ). The improvement observed in the current experiment was similar to that observed with other animals. For example, Moeser et al. (2002) noted that corn grain results in a ME of 3,447 kcal/kg, whereas DDC results in a ME of 3,517 kcal/kg in growing pigs. This difference, however, was not significant. Apparent ileal digestibility of gross energy, however, was 10 percentage units greater in pigs receiving DDC. In comparing DDC as a replacement for corn in turkey starter diets, Godwin et al. (2004) noted a significant increase (274 kcal/kg) in AME n from diets containing DDC versus corn grain.
Apparent ileal amino acid digestibility was determined from birds at 21 d of age. Digestibilities of threonine, lysine, arginine, and tryptophan were significantly less for birds fed the DDC diet versus those on a corn diet (P < 0.05; Table 4 ). Apparent digestibilities of the remainder of amino acids, however, were not different between the DDC diet and corn grain diet. Arguably, the apparent digestibility differences observed were from amino acids with relatively low concentrations in DDC or corn grain. Due to low intakes and no endogenous correction, these differences might or might not have occurred if results were expressed on a true digestible basis. The amino acid digestibility results of the current experiment were in contrast to the results reported in swine by Moeser et al. (2002) . In their report, they noted improved digestibility of leucine, methionine, and phenylalanine when pigs are fed DDC versus corn grain.
Experiment 2
Accounting for nutrient and energy differences between corn grain and DDC resulted in the DDC diets containing less oil but more soybean meal, lysine, and inorganic P (Table 3) . With SBM at $187/1,000 kg, fat at $0.33/kg, lysine-HCl at $2.35/kg, and monocalcium phosphate at $0.275/kg, the additional cost to process DDC must be within $4.62/1,000 kg. However, this cost does not account for differences in excreta volume or nutrient content differences. Primary drivers of processing cost of DDC for broiler diets, therefore, are dependent upon fat and lysine-HCl cost.
Chicks fed DDC diets were 75 g (15%) heavier at 17 d of age and 152 g (12%) heavier at 31 d of age (P ≤ 0.01; Table 5 ). By 42 d of age however, BW of birds fed the corn or DDC diet were similar (P > 0.05). Feed consumption was not different among birds throughout the study. Cumulative feed to gain = 1.643 and 1.623 for birds fed the corn and DDC diets, respectively (SEM = 0.019; P = 0.45). Similarly, Godwin et al. (2004) reported that poults fed DDC versus corn grain were 50 g (7%) heavier at 21 d of age. In contrast, Moeser et al. (2002) , noted no difference in performance or intestinal morphologic characteristics of weanling pigs fed DDC versus normal corn for 28 d. Chicks fed the DDC diet excreted 78.1 g less DM (11%) from 0 to 42 d of age than those fed the corn grain diet (P = 0.02; Table 6 ). No differences were noted in DM retention during the starter and grower phases with the resultant cumulative DM excretion difference occurring during the finisher phase. When calculating apparent DM retention as a percentage of feed intake, differences were noted during the grower and finisher phases (2 and 3.5 percentage units greater from chicks fed the DDC diet, respectively). A trend for higher apparent DM retention as a percentage of feed intake was noted during the starter phase for birds fed the DDC diet (0.95 percentage unit; P = 0.096). Similar results were noted by Moeser et al. (2002) in each of 2 studies with growing swine. In their first experiment, pigs fed a DDC diet had 7 percentage unit improvement in total tract DM digestibility and 10 percentage unit improvement in apparent ileal DM digestibility in a subsequent experiment.
The hull and germ fractions contain 67% of the fiber within the corn kernel, of which 70 and 25% are hemicellulose and cellulose, respectively (Watson, 1987) . Although not measured in the current study, Moeser et al. (2002) reported 5.9 percentage unit (61%) reduction in neutral detergent fiber and 0.9 percentage unit (32%) reduction in acid-detergent fiber in DDC versus corn grain. They then equated each 1% decrease in neutral detergent fiber to a 1.2% improvement in energy digestibility, which in the case of experiment 1 reported herein might have been realized in improved AME n . The excreta bulk reduction in the finisher phase, presumably due to less fiber in the diet, could have considerable environmental and probable economic savings. For example, a producer that raises 20,000 broilers to 42 d of age, 6 times a year, would have to remove 9,372 kg less excreta from the production facility each year. Chicks fed the DDC diet excreted 0.44 g more N (7%) in the starter phase and 2.1 g more N (13%) in the grower phase (P ≤ 0.04; Table 7 ). By 42 d of age, however, cumulative N excretion was not different from that of birds fed corn grain diet versus the DDC diet. Apparent N retention was not affected by corn product at any phase. This result was in contrast to that reported by Godwin et al. (2004) , who reported a 17% improvement in apparent N retention in turkey poults raised to 21 d of age. Similarly, Moeser et al. (2002) noted a 16% improvement in apparent N digestibility in growing pigs. However, studies by Godwin et al. (2004) and Moeser et al. (2002) used short-term excreta or fecal collection for determination of apparent N retention and digestibility. An additional factor that could have attributed to differences between the current and previous studies is the duration between excreta collections in the current study (3 to 5 d), during which ammonia volatilization differences could not be accounted for.
Chicks fed the DDC diet excreted 1.54 g less P (19%) by 42 d of age than those fed the corn grain diet (P = 0.001; Table 8 ). No differences were noted, however, in P retention during the starter and grower phases with the resultant cumulative P excretion difference occurring during the finisher phase. When calculating apparent P retention, a difference in apparent P retention was noted only during the finisher phase (14 percentage units greater from chicks fed the DDC diet, respectively). As mentioned previously, removal of the germ (primarily) and hull fractions from the corn kernel resulted in a net removal of 88% of phtyin P from corn. Utilization of phytin P from plant feedstuffs is highly variable for broiler chicks but considerably lower for corn in contrast to other feed ingredients. For example, in 3-wk-old chicks, van der Klis and Versteegh (1996) reported a range of P availability from a low of 16% for corn to a high of 80% for lupin. As also noted for reductions in DM excretion, reduction of P excretion throughout production (but primarily in the finisher phase) could have considerable environmental and probable economic savings. For example, a producer that raises 20,000 broilers to 42 d of age, 6 times a year, would have approximately 185 kg less P to remove from the production facility each year.
In conclusion, removal of the hull and germ fractions of corn resulted in considerable reductions in ether extract, lysine, CP, and phytin P as well as slight improvements in AME n . After accounting for differences in these nutrients (after additions of soybean meal, lysine, and inorganic P with reductions in soy oil) during formulation, broilers fed a diet with the primary grain source from DDC resulted in no performance differences in broiler chicks to 42 d of age. Nevertheless, birds fed the DDC diet excreted 78.1 g less DM and 1.54 g less P to 42 d of age.
